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(57)Abstract: 

PURPOSE: To obtain a polydiolefin preparation catalytic system capable Mia I 

of obtaining polydiolefins with narrow molecular weight distributions at 

high polymerization rates by making the constituents of the catalytic 

system of a lanthanide salt, an organometallic derivative of an alkyl of a 

group I, II or III metal and an organometallic derivative of boron. 

CONSTITUTION: A catalytic system comprises (A) a salt of formula I 

(wherein M is Sc, Y or a metal of atomic numbers 57-71; and L is a 

general anionic bonding agent excluding a halogen bonding agent), (B) an M C R 1 sc Jl 

alkyl, hydride or alkyl hydride compound of formula II (wherein Me is a 

group I, II or III metal; R1 is a 1-20C aliphatic or cyclic aliphatic group, a 

6-20C aromatic group or H; and z is 1-3 and when z is 3, only one of the 

three R1s may be H), and (C) an organometallic derivative of boron of 

formula III (wherein R2 is a 1-20C aliphatic group or 6-20C aromatic 

group; R3 is F or CF3; m is 1-3; and n is 1-5). This catalytic system can , 

be obtained by mixing components (A), (B) and (C) at a suitable ratio in B R ' *~ a ^ h ~ n ^ 3 " 

an aliphatic, cyclic aliphatic or aromatic solvent or a mixture thereof. 
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(A) -IKS 

ML3 

7-7 1 U Ltt, />ayy«ft»J?£»* 

-r**, cb) hrs 

Me R 1 z 

CaR*. M e liJS»l««<D I , MSfcttlll J^tcR-T^ 

m^rzimmmmm, 6-20 

6\ #S«Sl=?LT^£3{[I<£>R 1 1 ffl)Etttt*SR 
-7kilMb«ft€rt*, *±tf (C) HRS 

B R 2 3-m CC6 H5-n R 3 n ) m 

R 2 « 1 -2 offlO»8ISJIC?*dtr, WHSfc 
tt»tt«ROl»BS«IS. 6-2 0*<D«*«?**trtltt 
UBflfijRIS. 6-20 fl©K*ai?*dtr»«ll«T?* 
D> R 3 tt^yjRflC^SfcttC Fa STfftO, mtt 1 - 
3<&S8rFifc!K nttl-5©»T?**o ) ^frT^ 
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[M*|2] MffNd, Pr. Dy, La, Gd&cfctf 

71/^.X—K T^T* — h^tocfcti- h U 7/l/tn7"fef' — h 
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— K t e r -^5— hfeitf-YV/Ptf^—KOfll 
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umm 7 ] ws^p^t a* ( b ) nfihv * wrA?* 

(TMA) , h iJx^/l'TVl'^ — ^A (TE 
A) , HJ^V7?-7l/7/I/$-#A (T I BA) 
^y^;l/T;l/5-»>A— *iR{b«l CD I BAH) T? 

UmmSl {t&® (C) #B (Ce F5 ) 3 . B CC 
Hs ) (Ce Fs ) 2 , B (C2 Hs ) (C 
e Fb ) 2 , B (Ce H4 F) 3 , B (Ce Hs F2 ) 
3 , B (Ce H2 F 3 ) 3 , B [Ce Hs (C 
10 F3 ) 2 ] 3 s B [Ce H2 - (C Fs ) 3 ] SftttB 
(C2 He ) [Ce Hs (CFs ) 2 ] 2 TfeSCt* 

t> TKort^SBiajt*^ cb) . 

£-££^^e/v~- s /«# (A) , 45«fctf«»fc:j*# 
7ar£o 

[ii^xa 1 0] m#m 1 fcC«o«j«eRo«a*ft-t?aB 
20 ot; (a) , (B) is&zf (O *»aajt* 

[fl^il 1 1 ] fjt*rg 1 k:EitOMM8RonSK&i£T« 

ot, (A) , (B) *5<fctf (C) * % 'PM<Di?* 

0. 5-2 4^W«-&-r*ci:*W«i:-r**tto 

1 2] w*?b 1 fcE«©«a^o«jft*»-t?a5 

oT. (A) , (B) 4oJ;t5 (C) *h;l/x>cf 
50 T\ ±BOlW»"T?, (A) lxl O-^/VS/cD 1 

g^y^>>x>^#ftT\ 5 o°CT 1 BSHffl^rsc k 

3] ^^^^yv^i^at^o 

[1**111 4] ^l/7-f^7-fcLTl, 3-^ 

^V^UX 1, 3~^^^^X>^/c« 
2, 3-^7W.^^X>«t§Ci^itt 

^0 So 

C!f*xii5] 1, 4-^X*ffiteJ:a r 1 , 4-h^> 

[0001] *$mit, 5>*-Kagfc«-r*&«o 

ffi, 7/^x-)A7 71/^ ;l/45 * tf * •> HI © h U T 7b 
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#Vi/$ ~U7>f y<D 1 , 4-i/X4ocfctf 1 , 4™h^> 

A? [fi»¥-^j»?a (m» ) tm^^m (Mn ) © 
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7h»J^ J3±tf« : F«*ft^>?> (5 7) fc;l/r- 

x*>a (7 1) (DKtc&z&m&n&micmirZo cn 

6<D&JBtt, 1 9 8 5¥ttttOIUPACS«lcj;*, 

SJkliPAT. : TMA = A 1 (C Ha) 3, TEA 
= A1 (C2 Hs ) 3 , TIBA-A1 CC4 H ] 9 ) 
3, D I B A H = A 1 CC4 W 9)2. Nd CVe 
r ) 3 = /V- y-^y ZWtttiSL^ B P F F = B (Cb 
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HMW*ttffl'r*, MCI, 4-^x*^tr^ur* 
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>ffc»J, -r**3-BH»5SBRn X3-n 

— IR^A 1 Rn Xs-n ^WTSTVl/S-^AO 
BtBtis HB3SS i Rn C N-n «rWrsy-f*OR# 
{* RiiTM/HTfe^ XttC K B r Sfc 

y/*ffS2 0 1 9 6 2^ fg2 0 1 9 7 9#4oJ;t>^ 
2 0 7 5 5 9^£iB<RSftTV^*V tC7liADy> 

[0 0 0 3] Sfc, JfefrSfiStt* 5>*-K*fe*»T 
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1 300 3^, ^mWt^4 5 7 5 5 3 8^, JSS^ffF 
11243034^, tfBWWSB 1 0 3 6 9 6 2^*5<fctf 
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tfNd, Pr, Dy. La, GdfeitfYT^SW 

w-h, t e r -y^^-h corner 

*/i/7 3h\ IfX-h'J/f-^U/l/TS^ 7-fe*7l/ 
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~ t> TkHSfMS, h U * £ ^;1/T7l/ ^-^ ^ h U ?< 

mm^x^mmM^mmcom^^, hj **/i/7 

;l/5-^A (TMA) , h'JxW/^n^A (TE 
A) , hiJ^y^/l/T^S-^A (T I BA) fcitf 
^-TV/^l/T^S-^A-TkJlSit* (D I BAH) # 

B R 2 3-m CC6 H5-n R 3 n ) m 

0, R 3 « 7 yjRBHPSfctt C Fa ST&D. m« 1 - 
nttl-5<D»t?Wo ) 

It, B (Ce F5 ) 3 „ B CCH3 ) CCe F5 ) 2 N 
B CC2 Hs ) (Ce Fe ) 2 , B (Ce Ha F) 3 , 
20 B (Ce H3 F2 ) 3 , B (Ce H2 Fs ) 3 . B [C 
e H3 (C F3 ) 2 ] 3 . B [Ce H2 (C 
Fs) 3 ] , B (C2 He ) [Ce Hs (C Fa ) 2 ] 

2 TfcSo 

[0 0 0 6] ±fc»£'r**fc:, *«WO««BRtt, W 
(A) , (B) fecfctf (C) 

30 ICtilft (B) , »*«*8^*^/V-, J*# (A) , 

(A) fe*tF«^ (B) **Xf*IIO» 
Mflt^tt, Bfa©»#J*t?*# (A) . (B) 

tf (o tt±mmmr\ ^i^t^^t^tb 

0. 5-2 4P#P^SiS^^8C^^ ( fcD : ?«ffM^n 
¥0 ^.o COffMt SSJSTtt, Bg«> HfcflBflSSlS 

***ft«4, (A) , (B) «3<fctf (O MOEJS«rh 
>ftiT\ ±f50)i|gffT\ tfift (A) lxl O" 3 ^;!/ 

50 T. 5 CCTi^MRa^cfcjciOWStiSCfcTb^ 
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frofco ««3RO«J«£*^T* /«# (A) , (B) 43 

(c) ^ats-rs^i/Jttt^mteMBTa&So *« 
PMWSofcl^D, *;W± (B) / (A) &3- 

10 0, »S L < tt 8 - 2 0 ©IITf^eW C 

^ ttjdtfffflxat?«o*»fea<, (b) icis 
«»iiiip<oft*jciii8T?*av\ -^wt Co / (a) 

[0 0 0 7] ^Ttcy^fcli^ *»WogU<o«Fa», 

#{4*3cfctf 1, 4-b7>X#ffi©iS*«it, 
Mill, fl^F«»**K< LT«a"Pt*<0Wt 

1 , 4 - i/ X W443cfc tf 1, 4 - h 5 > X#iftOS»$ 
fit**n j Ptl3 5/6 3frB9 8/1 ST*^8Cfctf 
7?**<Dte**U 1. 2*ffi<05»*tfti— »Wfc0. 

5-27?*So *0±. S«¥^J»^fi (Mw) (Dffitt 

5 o x i o 3 - 1 x i o 8 <0HT«A«<ii:^t?#. fi 

M^mfrHk (Mw) (Mn) £>Jt*» 

l. 5-2. 6t*$5o -r^T©T;l/*;l/KaM**^ ft 
&m CA) fe ±0= CO 1, 4«fffitf98% 

IB^tfaofeW^frB, CB) <0ttW4, Wi 

fcfroT, TMAMt ^Ci:tCi:D, 1, 4—>X 
/l, 4-h9>X*ffi©S»** , *n j Ptl«3 0/7 

ffiffl*r s ramtftojt*^ 9 s / 1 T&zn&mm 

3i^n^ 0 T E AteitfD I B AHTlIL/ciK 
te, 1, 4-i/7>i3&'Cfl 9 4- hvXXW^^F^k 

[0 0 0 8] ^cDflJSOiSW*, ffc&ft (B) OttWc/S 

t; t. j; M^ogttfe cfc tf I&ftoill^i^ 

f~>y *1!*>«£T?M\ cn&<0Wtt«»«E 

4: c ttfi < fcj &*VT & 5 , JfcfTttflSte « c tile 

>\ -fvybX 1, 2, 

oT&, 1, 3 - 7^^xy€/7-a)I&{WliW 

tt* (A) *5cfctf CB) OttM, feefctftt 



(5) 4$BH¥ 7 -2 6 8 0 1 3 

I B AttD I B AHfc*<tt<Djgtt*WU Sf«TMA 
«^^ff ffMU i&g 5 0 °CT 1 ftMi^rs £££ 

;o n-^it>*fcti^6 4-6 8°C<OCe 

mm, «**ti*^u7-f>ikg*fet)*» (a) 5 

— 10x1 O-^/Wc^L^S'feb^ SS0 - 1 0 0 
°C, KJiSWIBO. 5-2«FH"t?t#6n«o 
[0 0 0 9] *S5BBO»JOW«H:, ±S5©«»3R*ffi/B 

20 LTW&nsMftttfcH-rSo coi&»B^ i. 4§m 

#fe^«^ffiV^U^^^x>^e>^D. 1. 4-5/ 
X*ffife*tf 1. 4-b^>X*ffi<OJt**, ffiffl-TS 
J&ft (B) (OtBHfcJfiUT, 3 0/7 0-9 8/ 1 fcg 

«\ ffi#fc*D*SIMtL»£* 1, 4-^X#ffi>9 5 
Sat?^±k:i^S, 1, 4 
-h^>X#fu50%C0X^XhV-^T Offfl 

«cDj:t^ CMw/Mn) k LT#x. BtlS^a^flJ*^ 
1. 5 — 2. 6©fi^<l*ttSi:fc7*ftSo C<^Pie> 
tlfc^flitCcfeO^ Mw/Mn»fljW3(D«[*iB^S«& 

£ &?mc ^ m * fc ^fg^sgp^^a a-i** t m 

S»?**5cfctf 1. 6^»?iM CMw/Mn) 

ii¥^^i^5 0 0 x 1 0 3 *jH^*#y^ 
[0 0 10] *^0««BRfe<fct;M*#ttOHRW* 

mmicwt^T\ nmvmm, nsufots £zfmznz>m 
wit*. 

50 1 0 0cm 3 mmmcDWc, -^r5tt3?Hm^T\ h;l/x> 
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2 Ocm 3 \ f&fi CA) 1 . 6 5x1 O-^MSAtfjtfM* 
CB) 2 9. 7xlO' 3 tMXni)o C 

4. 9 5x1 o- 3 ^e;l/^jpx.^o feOKSOSAO^ffiffi 

U «»*Sl*h7PX>-C l 5 Ocm 3 [CWI, C CDrl^ 
Tf#&ftfc, (A) Oil3 x 1 0" 3 gl?/cn 3 

«lE>o 

¥11 B *«Ak:*UT, JUlc, (A) 0.9x1 

0- 3 ^&/k (B) 16. 2x1 o-^b&JcttWz)* 
CO 2. 7xlO- 3 ^AWc^[Cc]:D, l» 
h;l/xy»»*Bat8o c©»**h;l/x>^3 0cm 

3 ictweu jtffb^e>5o o c^i0#ra«^§ o si 

CA) Oil3 x 1 0- 3 gH^/cm 3 -pfcSo 
#)«C ^*j«fflO»|**J;tf«*T>*-*«*fe 

1 0 0cm 3 Mffi'BOtplc, ^Sttffffl^W^ h;l/x> 

2 Ocm 3 . (A) 1 . 15x1 O-^WScfctfjjStfr 
(B) 2 0. 7 x 1 0- 3 ^An?»o C<DrS£*«\ 

>l. 2 gfcitf^ CO 3. 4 x l o- 3 ««ti: 

«Wg*SJ6«fT*5o C5LT»&nfc* CA) CO 
#13 x 1 0- 3 gH^/cm 3 ^fS?fM$nrc« 

UflD #)BAtC*UT, M(C. h;bx>'2 5cm 3 , j« 
» CA) 1 . 3x1 0~ 3 ^;K f£tt CB) 23. 4x1 

o-*^)\ste&mm*y*is3L'y i . 4 g^tM^ 

CO 3. 9 x l 0- 3: &;l/*Xnscfcfc<fc!), tt»<D 
h;l/x>»tt*S3fi-r«o C<D»«*h;Vx>7?4 3cm 

3 idBiflsu »ffl&tf6 5 0tfcmB««ftSo riS 
mtJ&ft CA) ©#I3 x 1 0' 3 gjl^/cm 3 T$S 0 

[0 0 1 1] glftjfflj 2 

mm) o W7;MF*, l 4 o°CT^a6Ap^b/c2 o o 
cm 3 tDttffltf/u*. SS£te*H***fc^*M*^ffl 

W>1 50cm 3 , i»$k:l/fc^y>y— ^<?» 

ift7^^xy2 0g, Nd CObu)3 3xl0" 5 € 
;l//cm 3 ^m>M^:^m$lcm 3 , A 1 CC 

4 H9 1 ) 3 <D 1 ^l/JgSO. 5 4cm 3 locfctfB CCe 
Fb ) 3 OO. 1 8cm 3 ^rAtl^o #1^ 

BMfcKflfcSU 0 . 5 g «: ^tr ^ £ / — /l/ft 3 0 0 cm 3 i£ £ 
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9 g c 9 5 %teft) 
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Mw#2 0 0 x 1 0 3 , Mw/Mn = 2^«Ci:^ 

[0 0 12] gjjjgj 3-6 

io jgft cb) oa^co, fi6ns«^»©jiitwattfc» 

^Mt^PUt, CA) £LTNd COBu) 3 43 

JctMMfr CO iLTBPFF*««U 

cb) com*. a^*#*3cfcw#&ns«*** 

1 tC^fo 

[0 0 13] gfijgj 7 

1 4 0 0 C7? J pa&in*lUfc2 0 Ocm 3 (DMK 

RfU 0°CC0^*^r*Sb/ct>XO^^, te 7 J<^\^^> 
1 5 Ocm 3 1oJ;ti ; ^7j<y^^x>'2 0 gSXtlio 
Jt^tC^ *»JlO#)«Ali:^-r#|liT\ Nd CVe 
r) 3 1. 1 x 1 0" 3; e;K TIBA 19. 8x10 
" 3 -^IaJo cfc £F B P F F 3 . 3xlO" 3 W«fflU f 
rST2 40#p H ^fiffMf ^c^tcJ:D®3tL/c, 
A3 x l o- 3 gjR^^ty^flBBriiftt*®* 1 cm 3 %jm 

30 «-*«ithi;, soico»*te:xti, immmmmir 

*ff5B*»fkl»±#J0. 5 g m^^/-;W53 0 

ocm 3 *k:fta r atro aiHLfca^***, ^^y- 
3 [Ur^L, jfcv^i? 6 o icjcipj»bfe*ffi*— y> 

tTiaiS*, fijU^18. 6g C9 3%$Kft:*) 

IR»*ffcJ:t>, 1, 4—>X 
9 6%, 1, 4-h7>X3%, 1, 2 1. 0%T?feS 

D> C©iMttMw^4 8 2 x 1 0 3 , Mw/M n = 
40 2**t5Ci:W8o 
[0 0 14] ^5SfflJ 8 

/u^tc^^^l 5 0cm 3 , ^^X>2 4g, Nd 
CV e r ) 3 7x1 O-^/b/cm 3 *^tr^\4=-* 
lcm 3 , A 1 H CC4 H9 f ) 2 1 ^l/fgrft 1 . 3cm 3 

^o^O^B CCe F5 ) 3 0. S-fcJl/SSO. 4 2cm 3 * 

^5 0°CTr4^?T^\ l&ftl 8g (7 5%) 
»*f»*tt, 1 , 4 -S/X6 4 %. 1 . 4 - 
50 yX3 4%, 1, 2 2 %, Mwtf2 OOxlO 3 , M 



(7) 



7-268013 



11 



12 



w/Mn = 2t^o 

[0015] mmm 9 

mmm i ©#iAicLfttfo\ it, n 

d (Ver)3 0. 7x1 0' 3: e;K TMA12. 6 x 

1 0- 3 ^e;K BPFF2. lxlO' 3 W«fflU 5 

o w i «fin«Hi»j«-r * c fc te «k d , ^MJBdcttat* 

rcmUWfik 1 cm 3 £\ 'vHt^l 5 0 cm 3 ^OW^x 
>20g icftpfc, 5 0 °CT l WNHfraao ?£*8B 

a-f*9. 0g (4 5%) *<0«i6tt, IR» 

t/T^C^Os 1, 4-^>X3 2%, 1, 4~h7yX67 
%. 1, 2 1. 0%"ea6SCfc*^^*o 

2 x 1 0 3 , Mw/Mn = 2. 4 d 

[0016] gjigy i o 

/^HC^^ 1 5 0cm 3 , ^$i/3Ly2 0 g, P r 
(OB u) 3 3x1 0- 3 ^E;V/cm 3 *$t?^-9->}S}ft 
lcm 3 x Al (CHs ) 3 l*;l/jgjftO. 5 4cm 3 feck 

tfB (Ce F5 ) 3 0. S^WfflfcO. 1 8cm 3 SAft 

sc "^Jre" aus-r^o aa-^rs 

0 < CT4«FlBfT*V\ I&»14. 4g (7 2%) #0 

[00 1 7 ] H iggj 11-17 

V\ ^ (A) £ LIN d (OB u) 3 SfcliP r (O 
Bu)3i (B) tlTT^S-^hUT;!/** 



*;l/fej:tfj«» (C) tLTBPF F tBLf&m&CtK 

£ o , 3 mo^ifi^AMM^aQft^ «o Attn 7 1 

(A) feitf (B) , »j«*J:tf : HIBg«»IB, S-S# 

[0 0 18] jgfljjgj 18-22 

(A) ilTNd (OBu) 3 , f&ft (B) t: LT 
70 T I B A$S&Zfjjtft (O tLTB P F Fft^6fflSIU 

i^fffc ion e»n§gs^i3 ic^to 

IgMifflJ 2 3-28 
20 (A) £ ITN d (Ve r ) 3 , (B) t LT 

TMA*3<fct>*T I B AiBcfclfriM* (C) tlTBP F F 

T2 4»fWt^ 0 fcBiattCfT*ofc« 



Jft 4 ICt^o 
[0 0 19] 



1 



* 




sib 








Mw 


Mw/Mn 




(B) (%) 


1,4 ->X 


1,4 h^VX 


1, 2 


x10~ 3 




















3 


TMA 


98 


92 


7 


1 


200 


2 0 


4 


// 


93 


80 


19 


1 


322 


2 6 


5 


// 


85 


59 


40 


1 


130 


2 6 


6 


TIBA 


86 


42 


57 


1 


429 


2.4 


(* ) r^J^^cm 3 15 0, Nd (OBu) 


3 3 X 


^9 x l o~ 5 ^e;K y^^xvg 2 o, ; 


1 0- 5 ^/K (B) 5. 


4 x 1 o- 4 ^e;K BPFF^ 


E»N4l$He 














i 


12 


















i 








(A) 




(B) 


mm 


T (°C) 




% 


i i** 


Nd(0Bu) 3 




TIBA 








3 5 


1 2 


// 




// 


1 


££<im 




4 6 


1 3 


// 




// 


2 4 






9 5 


1 4 


// 




// 


1 6 8 






9 3 


1 5 


// 




TMA 


2 4 


MS 




8 4 


1 6 


Pr(0Bu)3 




TIBA 


1 


5 0 




8 0 


1 7 


Nd(0Bu)3 




// 


1 


5 0 




9 7 



fi&SJg 5 0°C, 



(*) fg^^9->cm 3 i so, ^mmmmomm i cm 50 3 «3x 1 o- 5 g jiH^^>^n;:^tA\ 



-7- 



(8) #P W W 7-2 6 8013 

13 14 

>g 2 o, m&u&s ot, rei$fl i smb. (•*) *itW2 fcn*ow» "■?■£>*•?" 

u 









mm 


1, 4 


1,4 




Mw 


Mw/Mn 




t(h) 


T(°C) 


TCC) 


% 






1, 2 


x10~ 3 




1 8** 






50 


35 


90 


9 


1 


120 


2. 4 


1 9 


1 




// 


60 


94 


5 


1 


250 


2„ 1 


2 0 


24 


// 


// 


80 


92 


7 


1 


390 


2. 2 


2 1 


120 


// 


// 


93 


92 


7 


1 


450 


2. 2 


2 2 


1 


50 




80 


nd 


nd 


nd 


nd 


nd 



(* ) mm^-^ycm^ i s o, ^f^/stti*©}*?* i * g 2 0, a^ns 1 mrs 0 

m4 













1,4 


1,4 




Mw 


Mw/Mn 




(B) 


TCC) 


t(h) 


% 






1,2 


x10~ 3 




23 


TMA 


0 


15 


70 


37 


62 


1 


700 


1 8 


24 


// 


30 


3 


90 


39 


60 


1 


490 


1.7 


25 


a 


50 


1 


84 


40 


59 


1 


350 


Z 1 


26 


TIBA 


0 


3 


95 


98 


1 


1 


750 


1. 6 


27 




30 


1 


98 


92 


7 


1 


509 


1, 7 


28 


if 


80 


1 


90 


77 


21 


1 


300 


2. 6 



cm 3 tt3xl O- 5 gflC?©**^2*fc:*U/\ ^*^x 



(72)»WJ# ;«-D, lf7^. (72)«BH# 
<^A>y>\ 73 

(72)»BB# ^V'Jx;K ;l/^U (72)£Mli# 

-f$MJ— B59A ^A F^-K 5^ 

41 



7r tr*. 

6 
8 



-8- 



